Mucopolysaccharidosis type IIIA (MPS IIIA) occurs due to the deficiency of lysosomal enzyme heparan-N-sulfatase (sulfamidase),
Introduction. Mucopolysaccharidosis type III (MPS III)
or Sanfilippo syndrome is a heterogeneous group of hereditary diseases with autosomal recessive mode of inheritance, occurring due to the decreased activity of one out of four enzymes, involved in successive breakdown of heparan sulfate [1] , which leads to the accumulation of the latter in the lysosomes of cells with subsequent excretion of excessive amounts of this polysaccharide or its fragments into biological liquids of the organism. There are four subtypes of MPS III, depending on the biochemical deficiency -A, B, C, D.
According to the data of different authors, the total incidence of MPS III type is in the range of 0.28-4.1 per 100,000 live births [2] [3] [4] . The majority of patients with MPS III in European countries (about 70 %) have a biochemical deficiency, corresponding to MPS IIIA [4] .
MPS IIIA is conditioned by the deficiency in the lysosomal enzyme of heparan-N-sulfatase (sulfamidase) (EU 3.10.1.1). This deficiency causes the pathological intracellular accumulation of heparan sulfate, which results in the disorder in the functioning of different organs, the nervous system, most notably. The study, involving a large group of patients with MPS III, demonstrated that the clinical course of Sanfilippo syndrome A was more aggravated compared to other subtypes, with the manifestations in earlier age, severe progression of symptoms and shorter lifespan [1] .
The heparan-N-sulfatase gene -SGSH -is localized on the long arm of human chromosome 17 in locus 17q25.3 [5, 6] ; it is 11 kbp long and has 8 exons, separated by 7 introns. The enzyme consists of 502 aminoacids and has 5 N-glycosylated sites. At present there are over 68 defined and characterized mutations in the SGSH gene [6] [7] [8] [9] , including 48 missence-mutations, 5 nonsense-mutations, 1 splicing mutation, 8 deletions and 7 insertions. The most frequent mutations in European populations are mutations R74C and R245H -the total incidence of these mutations varies from 56 % in Germany, Poland and the Netherlands to 33 % in Italy.
The aim of the current work was to determine the specificities of biochemical diagnostics of Sanfilippo A syndrome (MPS IIIA) and to define the incidence of major mutations R74C and R245H in the SGSH gene in Ukrainian patients.
Materials and methods. The material of the research was the biological material (urine and blood samples) of patients from different regions of Ukraine, who came to the Center of Metabolic Diseases of the National Children's Specialized Hospital Okhmatdyt with the preliminary diagnosis of Sanfilippo syndrome. The work was approved by the Ethics Committee of the State Institute of Genetic and Regenerative Medicine of National Academy of Medical Sciences of Ukraine. All patients have signed the informed consent form for the study. The confirmation of the diagnosis required determining the level of glycosaminoglycans (GAG) excretion in the 24-h collection urine, the availability of heparan sulfate fraction while conducting the thin-layer chromatography of glycosaminoglycans and the activity of sulfamidase in leukocytes.
The level of GAG excretion in the 24-h urine was defined using the nephelometric test with cetylpyridinium chloride (CPC-test) in equivalent to a gram of creatinine [10] .
The thin-layer chromatography (TLC) of urine glycosaminoglycans was performed on Silica Gel plates of 100 µm and 8-12 µm granulosity in the system of ppropanol solvents: ammonium hydroxide: water (4:6: 1). The alcian blue was used to stain the plates [11] .
The enzymatic activity of sulfamidase was determined in periphery blood leukocytes. The leukocytes were isolated from the whole blood, received with the anticoagulant (EDTA) using the standard method [11] . The amount of protein in leukocytes was determined using the standard Lowry method [12] . The sulfamidase activity in the lysate of leukocytes was evaluated by the degradation of fluorogenic substrate of 4-methylumbelliferyl-a-D-N-sulfoglucosaminide («Sigma», USA) [11] . The activity of sulfamidase was calculated in nmol/h/mg of protein.
DNAs were extracted from whole heparinized blood using the commercial kit DNA-sorb B (CSRI of Epidemiology of the Russian Federal Service for Consumer Rights Protection and Human Welfare). The quality of DNA preparations was evaluated by the method of optical density ratio at 260 and 280 nm which was defined using Specord-40 spectrophotometer («Analytik Jena AG», Germany) [12] . DNA preparations were kept at 4°C.
The molecular and genetic research was conducted using PCR method [13] . Oligonucleotide primers, described in the work of Bunge et al. 1997 [14] , were used to detect the mutations R245H and R74C.
The identification of the mentioned mutations was conducted by the RFLP method (using restriction fragment length polymorphism) with the standard application of restriction endonucleases Eco52I and BstFNI, respectively [14] . The analysis of restriction products was performed by the electrophoresis method in 3 % agarose gel with subsequent staining with ethidium bromide solution in the concentration of 10 g/l.
The visualization and registration of electrophoresis results was conducted using the ultraviolet transilluminator and the videosystem with the software for image analysis Biotest-A («Biocom», Russia).
Results and discussion. In 1995-2013 386 patients with the suspected mucopolysaccharidosis were examined in the laboratory of the Center of Metabolic Diseases, NCSH Okhmatdyt.
The diagnostics of this disease at the current level requires both selective screening methods (the evaluation of the level of excretion of total GAG with urine using the CPC-test with further GAG fractioning) and the methods of confirmatory diagnostics with the determination of primary biochemical (the analysis of activity of the corresponding lysosomal enzyme) and genetic (the determination of mutations in the corresponding gene) deficiency [10, 11] .
After all the required stages of laboratory diagnostics of mucopolysaccharidoses, the diagnosis of Sanfi-lippo syndrome was confirmed by us in 19 patients, among whom 12 had MPS IIIA, 4 had MPS IIIB and 3 had MPS IIIC.
The age of patients with MPS IIIA at the moment of determining the diagnosis ranged from 11 months to 11 years, including 6 male and 6 female patients (Table 1) . On average the final diagnosis of patients was set in the age of 4-6 years. All the patients were determined to have high excretion of total GAG with urine and the availability of fractions of heparan sulfate and chondroitin sulfate while conducting the thin layer chromatography of glycosaminoglycans. The level of sulfamidase activity in blood leukocytes of all the examined patients did not exceed 36 % of the control.
After the final confirmation of the diagnosis the DNA of all the patients was analyzed for the availability of the most frequent mutations R74C and R245H in the SGSH gene.
The analysis of the results of our molecular study of the patients with MPS IIIA demonstrated that the share of alleles-carriers of mutation R74C was the highest -17/24 (70.8v %) ( Table 2 ). Five patients were the heterozygous carriers of this allele and six -the homozygous ones.
The share of the alleles-carriers of mutation R245H in the patients with MPS IIIA, examined by us, was 2/24 (8.3 %). There were no patients in our group, homozygous by mutation R245H. Among our patients with genotype R74C/R245H there were two patients -compound heterozygotes.
One patient did not have any allele with mutations R74C and R245H. The specificity of laboratory diagnostics of Sanfilippo syndrome is the availability of specific changes in biochemical indices during the analysis of the level of GAG excretion with urine. This is the only type of mucopolysaccharidosis, where the isolated hyperexcretion of heparan sulfate is observed along with chondroitin sulfate, which is a normal constituent of urine GAG [1] . Due to this fact the determination of such excessive excretion allows defining the type of mucopolysaccharidosis at the stage of selective screening, but the final confirmation of the diagnosis with the determination of the primary biochemical deficiency and, as a consequence, the determination of the subtype of MPS III, is possible only after the enzymatic study.
The analysis of biochemical data, obtained by us, demonstrated that the level of the total GAG excretion with urine for all the examined patients was on the average 2.5-fold higher compared to the norm (from 1.4 to 3.9-fold). In all the cases the hyperexcretion of GAG was characterized by the presence of a considerable share of heparan sulfate which is abnormal and should not be present in the urine of a healthy individual (Figure) . It allowed us to confirm the presence of Sanfilippo syndrome in 12 patients.
The determination of the subtype of MPS IIIA in all the cases was based on the reduction in activity of sulfamidase compared to the control values ( Table 1) . The control was defined as the blood of healthy individuals who did not have any consanguinity with the proband and were studied together with the proband and his family. It should be noted that rather low activity of sulfamidase in leukocytes at norm often complicates the interpretation of the analysis results and may lead to both false negative and false positive diagnostics of MPS IIIA.
While analyzing the level of activity of sulfamidase we did not find any age-related dependence of falling ill and the disease severity on the residual activity of sulfamidase, which is in good agreement with the results of other authors [1] .
The study on genetic specificities of a certain disease and the incidence of the most common mutations among different Eastern-European populations is of great scientific and practical significance. The elaboration of a maximally efficient diagnostic program of selective screening of major mutations in patients, which allows both identifying the patients and determining the heterozygous carriers among their family members, is possible only under the condition of defining the abovementioned specificities [13] .
The spectrum of mutations in the SGSH gene among the patients with MPS IIIA in European populations is considerably different. There are also some ethnic specificities regarding the incidence of major mutations. As seen from the data in Table 3 the mutation R74C is the most frequent in the majority of eastern European countries (Poland, Russia) whereas the mutation R245H is more frequent among the patients of south-western Europe (the Netherlands, Germany). There is a notable gradient increase in the incidence of mutation R74C from west to east while the incidence of mutation R245H, on the contrary, increases gradient-wise from east to west. It was remarkable that the total incidence of major mutations R74C and R245H among Ukrainian patients with MPS IIIA was the highest in European countries -11 out of 12 patients had these mutations at least in one allele.
Therefore, taking into consideration a very high incidence of major mutations R74C and R245H in the SGSH gene among the Ukrainian patients with MPS IIIA -79.1 % -it is reasonable to use the screening of these mutations in the diagnostic algorithm along with the biochemical determination of the sulfamidase activity in order to prevent false negative or false positive diagnostics of MPS IIIA.
Conclusions. Rather low activity of sulfamidase in leukocytes sometimes complicates an interpretation of the analysis results and may lead to both false negative and false positive diagnostics of MPS IIIA.
The incidence of major mutations R74C and R245H in the SGSH gene among the examined patients with The Netherlands 0 (0/90) 57.8 (52/90) 57.8 [9] *The ratio of the mutant alleles to the studied ones. 
